addition. These results validate the conserved role of predicted auxin response genes in maize, as 46 well as provide evidence that a synthetic approach can facilitate broader comparative studies 47 across the wide range of species with sequenced genomes. 48 49 50
INTRODUCTION 52
Auxin is an ancient molecule, and its role as a phytohormone dates back to the earliest diverging 53 land plants (Mutte et al., 2018) . The expansion of the gene families that encode the auxin 54 response pathway parallels increasing complexity in plant form. For example, the moss 55
Physcomitrella patens has three members of the auxin (Aux)/Indole-3-Acetic-Acid (IAA) gene 56 family (Prigge et al., 2010) , while the eudicot Arabidopsis thaliana (Arabidopsis) has 29 and the 57 monocot Zea mays (maize) has 34 (Ludwig et al., 2013; Luo et al., 2018; Matthes et al., 2019) . 58
The retention of large gene families involved in auxin response following genome duplications, 59 in combination with the central role of auxin in plant development, has led to the hypothesis that 60 functional diversification in auxin response circuits underpins structural and functional 61 innovations during land plant evolution (Mutte et al., 2018) . Connecting natural variation to 62 functional divergence remains a major challenge. This problem becomes even more complicated 63 if selection is operating on the amplitude or dynamics of a network rather than the function of 64 any one component, a premise that itself has been quite difficult to test. 65
66
The auxin response is among the best understood signaling pathways in plants, and thus is an 67 excellent model to tackle questions about functional divergence in gene families within a single 68 species and in network functions across multiple species. Auxin response consists of three 69 modules: (i) activation of auxin responsive genes by AUXIN RESPONSE FACTOR (ARF) 70 transcription factors; (ii) repression of ARFs in the absence of auxin by recruitment of 71 TPL/TOPLESS-RELATED (TPR) co-repressors via Aux/IAA proteins; and (iii) degradation of 72 Aux/IAA proteins via their auxin-induced association with TRANSPORT INHIBITOR 73 RESPONSE1 (TIR1)/AUXIN SIGNALING F-BOX (AFB) receptors (Leyser, 2018) . While 74 there is some evidence for distinct combinations of these proteins acting in different cell types 75 (Bargmann et al., 2013; Rademacher et al., 2012; Vernoux et al., 2011) , co-expression of 76 components, feedback regulation and interactions with other signaling pathways (Piya et al., 77 2014) have made it virtually impossible to conclusively support or refute this model. 78
79
The wealth of genetic, genomic and biochemical tools in Arabidopsis have made it possible to 80 rapidly build a strong foundational understanding of auxin response. However, to both explore 81 the extent of shared auxin signaling properties across plants and to fully interrogate the 82 connection between natural variation in protein sequences and functional innovations in plant 83 development, the auxin response must be examined in more species. Understanding differences 84 between eudicots and monocots is of particular interest, as the molecular mechanism that 85 explains the differential impacts of widely-used auxinic herbicides remains a mystery, where 86 eudicot weeds are killed while grasses are often unaffected (McSteen, 2010) . In recent years, 87 functional studies in maize have made in-roads in delineating auxin response components. For 88 example, the maize Aux/IAA protein RUM1, is known to be functionally important in the 89 development of the root in the embryo, as well as root branching in seedlings (von Behrens et al., 90 2011) . BIF1 and BIF4 are Aux/IAAs known to have important functions in the development of 91 maize inflorescences (Galli et al., 2015) . Mutations in REL2, a functional homolog of TPL in 92 Arabidopsis, have pleiotropic auxin developmental effects in maize, rice, and Arabidopsis and 93 can rescue TPL mutants in Arabidopsis (Gallavotti et al., 2010; Liu et al., 2019; Yoshida et al., 94 2012) . Maize ARFs show similar preferences for auxin response elements (AuxREs) as 95
Arabidopsis ARFs (Galli et al., 2018) . 96 97 Auxin response circuits built in yeast cells (ARC Sc ) make it possible to analyze individual and 98 combinatorial functions of Aux/IAA, TIR1/AFB, ARF and TPL/TPR proteins (Havens et al., 99 2012; Pierre-Jerome et al., 2014 ). This heterologous system has several advantages, including 100 precise control over the amount and duration of auxin input, highly quantitative fluorescence 101 outputs, and the ability to study auxin signaling modules with defined connectivity and in the 102 absence of other plant signaling pathways. Studies using Arabidopsis components in ARC Sc have 103 shown that Aux/IAAs exhibit a range of tunable auxin-induced degradation rates and that this 104 variation in Aux/IAA degradation is central to controlling auxin transcriptional response 105 dynamics and the rate of developmental events in planta (Guseman et al., 2015; Havens et al., 106 2012; Moss et al., 2015; Pierre-Jerome et al., 2014 ). The yeast system has also enabled 107 functional characterization of genetic natural variation in auxin receptors (Wright et al., 2017) 108 and functional annotation of putative maize auxin repressor proteins and mutant variants (Galli et 109 al., 2015) . 110 111 Here, we have used the ARC Sc system to functionally annotate maize auxin signaling 112 components, focusing on genes that are expressed during inflorescence development. All maize 113 Aux/IAAs (ZmIAAs) tested degraded in response to auxin, with rates that depended on both 114 receptor and repressor identity. ZmIAAs were able to repress ARF-mediated transcription when 115 fused to a truncated form of the maize TPL homolog REL2. The maize auxin receptor 116 ZmAFB2/3 b1 was found to be highly sensitive to auxin, allowing for more rapid degradation of 117 Aux/IAAs than what was observed with the fastest acting Arabidopsis receptor AtAFB2. Finally, 118 a complete auxin response circuit comprised of all maize components was found to be fully 119 functional, allowing highly sensitive activation of a transcriptional reporter following addition of 120 auxin. These results validate the conserved role of predicted auxin response genes in maize, as 121 well as provide evidence that a synthetic approach can facilitate broader comparative studies that 122 incorporate the wide range of species with sequenced genomes. 123 124 125
RESULTS 126

ZmIAAs are Functional in Auxin Degradation and Repression Modules 127
The maize B73 genome contains 34 Aux/IAA repressor genes, 16 of which were selected for 128 further analysis here because they are expressed in developing maize inflorescences (Bolduc et 129 al., 2012; Davidson et al., 2011; Eveland et al., 2014) and are representative of the phylogenetic 130 diversity of the Aux/IAA family (Eveland et al., 2014; Matthes et al., 2019) . Out of 13 131
ZmAux/IAAs that were tested by in situ hybridizations, six gave detectable and specific 132 expression patterns in immature tassel inflorescence meristems and spikelet meristems ( Fig. 1A-133 B). In general, most of these ZmAux/IAA genes revealed highly-restricted expression patterns 134 marking emerging primordia in inflorescence meristems (ZmIAA2, ZmIAA5, ZmIAA9, ZmIAA14, 135 ZmIAA28) as well as vasculature (i.e. ZmIAA5 and ZmIAA28), and all showed strong expression 136 in spikelet meristems (Fig. 1B) . These expression patterns strongly resembled those previously 137 reported for BIF1 and BIF4 (Galli et al., 2015) and suggest a high degree of functional 138 redundancy in this family of transcriptional regulators. However, it is not known whether auxin-139 dependent degradation dynamics or repression strengths may reveal differences in molecular 140 function among individual Aux/IAAs. To assess the auxin sensitivity of each ZmIAA, we fused 141 these inflorescence-expressed ZmIAAs to YFP and co-expressed them with an Arabidopsis 142 auxin receptor in Saccharomyces cerevisiae (yeast) (Fig. 1C ). All ZmIAA proteins were 143 expressed in yeast cells and degraded in response to auxin treatment (Fig. 1D ). The ARC Sc auxin 144 degradation module also allowed us to measure functional differences in auxin-induced 145 degradation rates by measuring changes in fluorescence following auxin exposure (Havens et al., 146 2012) . We selected three ZmIAAs that were expressed at similar levels and showed different 147 auxin sensitivities (ZmIAA8, ZmIAA12, and BIF1) and measured auxin-induced degradation 148 rate varied between different ZmIAAs (Fig. 1E) , and was generally more rapid in cells 150 expressing AtAFB2 compared with those expressing AtTIR1 (Fig. 1F ). 151
152
In addition to degradation in response to auxin, the other major function of Aux/IAAs is 153 repression of ARF-mediated transcriptional regulation, a process that is facilitated by TPL/TPR 154 co-repressors (Causier et al., 2012) . The maize genome has four TPL-like co-repressors, the 155 REL2/REL2-like (RELK) family, of which REL2 has been shown to have pleiotropic 156 phenotypes associated with meristem maintenance and initiation in maize (Liu et al., 2019) . In 157 the Arabidopsis ARC Sc (AtARC Sc ), an N-terminal fusion of TPLN100 was found to be functional 158 if directly fused to IAAs, facilitating transcriptional repression of ARFs (Pierre-Jerome et al., 159 2014) . We confirmed that REL2 can also confer repression of ZmIAAs by fusing ZmIAA8 to 160 either TPLN100 or REL2N91, a fragment of REL2 that is structurally analogous to TPL100 ( Fig.  161 2A & S3C). Based on new structural information, we designed REL2N91 to include only the 162 first five helices that encompass the LisH and CTLH domains (Martin-Arevalillo et al., 2017) . 163
The ARC Sc strains used for repression assays contained Arabidopsis AFB2 and ARF19, which 164 was shown to be the strongest and fastest activating ARF in AtARC Sc (Pierre-Jerome et al., 165 2014) . Each co-repressor conferred a similar degree of repression, and in the presence of auxin 166 that repression was relieved, and transcription was activated to similar degrees ( Fig. 2B ). Both 167 the degree of repression and auxin-induced activation dynamics varied greatly across ZmIAAs, 168 and repression level did not necessarily predict activation level ( Fig. 2C , S1B). Two ZmIAAs 169 were unable to repress the auxin response ( Fig. S1C ), possibly due to poor expression or inability 170 to interact with ARF19. 171 172
Maize Auxin Receptor ZmAFB2/3 b1 is Highly Sensitive to Auxin 173
In the maize genome, there are eight members of the TIR1/AFB auxin receptor family (Matthes 174 et al., 2019) , four of which appear to be related to the Arabidopsis AFB2/3 clade. Two of these 175 AFB2/3-like maize auxin receptors were highly expressed in inflorescence meristems and so 176 were tested for activity within an ARC Sc degradation module (Bolduc et al., 2012; Eveland et al., 177 2014 ). The ZmAFB2/3 b1 receptor, was the only one able to induce degradation of ZmIAAs in 178 the presence of auxin (Fig. 3A ). This receptor also happens to be the most highly expressed in 179 developing inflorescences (Eveland et al., 2014) . Alignments and pairwise comparisons between 180 receptors suggested they all share about 60% sequence similarity across all domains ( Fig. S2A,  181 B-D). Auxin-induced degradation carried out by ZmAFB2/3 b1 was even faster than AtAFB2 182 ( Fig. 3A ). We next assessed expression of the auxin receptors in the yeast strains and found that 183 all were expressed and accumulated to similar levels (Fig. 3B , S2E-F), suggesting that 184 differences in expression level are not likely to explain differences in degradation module 185 activity. Furthermore, the amount of AtAFB2 receptor accumulating in yeast (within a two-fold 186 range) was previously shown to have no effect on auxin-induced repressor degradation rate 187 (Havens et al., 2012) . 188 189 The auxin sensitivity of ZmAFB2/3 b1 and AtAFB2 were next tested with Aux/IAAs from each 190 species to determine which component was primarily responsible for driving differences in speed 191 of the degradation module. The maize receptor was faster than AtAFB2 when paired with either 192 a maize or an Arabidopsis Aux/IAA (Fig. 3C, Fig. S4B ). We also noticed that pre-auxin 193 Aux/IAA accumulation levels were lower in strains expressing ZmAFB2/3 b1 compared to 194 AtAFB2 (Fig. S3A ). We hypothesized that the maize receptor might be interacting with the 195 repressor independently of auxin. Treatment with auxinole, a compound shown to block 196 interaction of rice TIR1 (OsTIR1) and auxin repressors (Yesbolatova et al., 2019) , resulted in 197 greater accumulation of Aux/IAAs, particularly in yeast strains expressing ZmAFB2/3 b1 (Fig. 198 S3A). This suggested that at least some of the increased auxin sensitivity of ZmAFB2/3 b1 may 199 be due to auxin-independent degradation. Auxin-sensitivity analyses showed that ZmAFB2/3 b1 200 is responsive to auxin over two orders of magnitude (0.01 -1.0 μM), (Fig. S3B ). We next 201 assessed whether ZmAFB2/3 b1 degradation modules were functional with each of the 16 202
ZmIAAs. All ZmIAAs were degraded by ZmAFB2/3 b1 (Fig 3D, S3C ). Furthermore, some 203
ZmIAAs exhibited different patterns of auxin-induced degradation dynamics than observed when 204 co-expressed with AtAFB2: for example, BIF1 paired with ZmAFB2/3b1 degraded as fast or 205 faster than ZmIAA8 or ZmIAA12 when paired with AtAFB2 ( Fig. 1E, 3D ; notice also the 10-206 fold difference in auxin sensitivities). This is reminiscent of the different patterns of ZmIAA 207 degradation rates observed for Arabidopsis AFB2 and TIR1 auxin receptors (Havens et al., 208 2012) . Thus, maize auxin degradation modules are highly sensitive to hormone, and degradation 209 dynamics are dependent upon both receptor and repressor identity. 210
211
A Fully-Maize Auxin Response Circuit is Tuned to Respond to Low Auxin Concentrations 212
Having determined that maize receptors, repressors, and co-repressors are functional in varying 213 combinations, the final step was to express them with a maize auxin transcription factor to 214 reconstitute an all-maize auxin full circuit (ZmARC Sc , Fig. 4A ). ZmARF27 is orthologous to 215 AtARF19, the ARF used in the AtARC Sc , and is expressed strongly in immature tassel (Eveland 216 et al., 2014; Matthes et al., 2019) . ZmARC Sc yeast strains containing various ZmIAAs were able 217 to repress ZmARF27 transcriptional activity to varying degrees ( Fig. 4B ), conferring as strong or 218 stronger repression on ZmARF27 than on AtARF19 (Fig. S4A ). The ZmARC Sc strains were all 219 de-repressed by the addition of a high concentration of auxin ( Fig. 4B, S4A ). Given that 220
ZmAFB2/3 b1 is more sensitive to auxin than AtAFB2 in auxin degradation modules ( Fig. 3) , 221
we hypothesized that this would also result in ZmARC Sc transcriptional responses activating at 222 lower doses of auxin. For each ZmARC Sc strain tested, the transcriptional response was activated 223 at lower auxin levels compared to strains in which the ZmAFB2/3b1 was replaced with AtAFB2 224 ( Fig. 4C, S4B) . Thus, the maize auxin response circuit is exquisitely-sensitive to auxin hormone 225 levels and response dynamics can be tuned by altering ZmIAA identity. The synthetic auxin response circuit used in this study is impressively modular, with the ability 230 to mix-and-match components from distantly-related plant species. Maize ZmIAAs expressed in 231 developing inflorescence tissues degraded in response to auxin, with variable degradation rates 232 that depended on both ZmIAA and receptor identity (Fig. 1) . Furthermore, these ZmIAAs were 233 able to repress transcription when paired with the maize co-repressor REL2 (Fig. 2) . Fully-maize 234 auxin degradation modules were found to be more sensitive to auxin than orthologous 235 Arabidopsis degradation modules (Fig. 3) . Finally, an all-maize auxin response circuit featuring 236
ZmARF27 was fully functional and more sensitive to auxin than circuits containing an 237
Arabidopsis receptor (Fig. 4) . This work represents a broadly useful strategy for employing 238 synthetic biology approaches to functionally annotate and characterize genetic diversity within 239 conserved signaling networks. 240 241 Decreasing costs of genome sequencing have led to a dramatic increase in genetic natural 242 variation information available. However, functional annotation of this new genetic information 243 is lagging behind. The ARC Sc platform allows for rapid functional validation and 244 characterization of large gene families, as seen previously for auxin signaling modules within 245
Arabidopsis (Havens et al., 2012; Moss et al., 2015; Pierre-Jerome et al., 2017 , 2014 Wright et 246 al., 2017) and now for maize ( Fig. 1 & 2) . Of particular note, the yeast system enabled multi-247 dimensional functional annotation (degradation and repression behaviors) of sixteen different 248 Aux/IAAs expressed in developing maize inflorescences. We observed variable degradation and 249 repression behaviors across the ZmIAAs studied, providing evidence of biochemical differences 250 that introduce another layer of complexity on top of known phylogenetic diversity (Ludwig et al., 251 2013 ) and tissue-specific expression patterns (Matthes et al., 2019) . In agreement with previous 252 studies ( Ludwig et al., 2013; von Behrens et al., 2011; Zhang et al., 2016), ZmIAA2, 253 ZmIAA10/RUM1, ZmIAA20/BIF4, and ZmIAA29/RUL1 were shown to be functional within 254 auxin degradation modules (Fig. 1 & 3) , and capable of repressing transcription (Fig. 2) . Further, 255
by showing that ZmIAAs can repress the auxin circuit with the assistance of REL2, we provide 256 an additional piece of evidence to support existing genetic and biochemical data demonstrating 257 that REL2 is a functional homolog of TPL (Liu et al., 2019) . Thus, our functional annotation and 258 characterization of maize auxin signaling modules is in agreement with the few existing genetic 259 and biochemical studies on maize Aux/IAAs and REL2, and extends functional characterization 260 to many previously uninvestigated maize auxin signaling components for which there are no 261 known mutants. The recent recapitulation of the Arabidopsis ABA hormone signaling pathway 262 in yeast underscores the feasibility of performing similar functional annotation efforts for 263 putative orthologous proteins across many plant signaling pathways (Ruschhaupt et al., 2019) . 264 265 The ARC Sc system is a valuable platform for continued dissecting of the differences in auxin 266 response between monocots and dicots. For example, ARC Sc should be useful in elucidating the 267 mechanisms of auxinic herbicide tolerance and resistance from the perspectives of chemical 268 biology, evolution, and genetic engineering. In monocots, responses to most auxinic herbicides 269 are much weaker than in eudicots, which die when these herbicides are applied to them 270 (McSteen, 2010) . Auxin biosynthesis and transport pathways are largely conserved suggesting 271 that differences in auxin signaling and reception in monocots might be what primarily 272 contributes to these different responses. Because maize and Arabidopsis both have similar 273 number of genes in auxin signaling gene families (TIR1/AFBs, Aux/IAAs, ARFs, etc.) we 274 believe differences between auxin-dependent development in these species are likely driven 275 more by differences in protein function, not differences in pathway protein stoichiometries. Our 276 results bring up exciting new questions about the role of auxin in maize. ZmAFB2/3 b1 is more 277 sensitive to lower auxin dosages than AtAFB2 and can lead to Aux/IAA turnover even in the 278 absence of auxin (Fig. 3) The types of experiments and analyses described here that utilize a synthetic hormone signaling 298 system in yeast are readily carried out by novice scientists in research laboratories and in course 299 settings. Many of the experiments described in this paper were piloted or executed by 45 300 undergraduate students at a Primarily Undergraduate Institution, Whitman College. Most of 301 these students were participants in several semesters of course-based undergraduate research 302 experiences (CUREs). This type of undergraduate-focused synthetic biology research experience 303 offers an exciting way to acquaint young scientists with plant synthetic biology, and could be 304 readily adapted to focus on standardization and characterization of parts for use in synthetic 305 biology, an area of continuing concern (Decoene et al., 2018). 306 307 308
METHODS 309 in situ Hybridizations in maize inflorescences 310
For mRNA in situ hybridizations, 0.2-0.4 cm tassel primordia from the B73 inbred line were 311 dissected and fixed in cold paraformaldehyde acetic acid (PFA) solution as described previously 312 (Galli et al., 2015) . Hybridizations were carried out at 59°C. Antisense in situ probes for all 313 thirteen AUX/IAA genes (IAA2, IAA4, IAA5, IAA8, IAA9, IAA10, IAA12, IAA14, IAA16, IAA21 , 314 IAA25, IAA28 and IAA29) were synthesized by in vitro transcription (T7 RNA polymerase, 315 Promega) of the entire or partial coding sequences cloned in pENTR vector or pGEM T-easy 316 (Promega) and digested with respective endonuclease enzymes. The vectors and primers used for 317 probe design are listed in Table ST01 . 318 319
Yeast Methods 320
Yeast (Saccharomyces cerevisiae) were grown in either yeast peptone dextrose (YPD) or 321 Synthetic Complete (SC) media made according to standard recipes and supplemented with 80 322 mg/mL adenine. Yeast transformation of linearized plasmids was performed using a standard 323 lithium acetate protocol (Gietz and Woods, 2002) . Matings were performed by co-inoculation of 324 MATa and MATɑ strains at low density in YPD media with shaking overnight at 30°C. All yeast 325 transformations and matings were streaked onto SC plates lacking appropriate auxotrophic 326 compounds for selection, followed by isostreaking onto YPAD plates prior to glycerol stocking. 327
Full yeast strain list is in Table ST02 . 328 329
Plasmid Construction 330
Plasmid and primers design was performed in Benchling. Maize Aux/IAA and ARF sequences 331 were obtained from Grassius Database or synthesized (IDT). Maize REL2 fragment was cloned 332 from plasmids generated in (Liu et al., 2019) . The maize TIR1/AFB gene sequences were 333 obtained from Paula McSteen's lab. These sequences were obtained from IDT with codon 334 optimization for S. cerevisiae, and then cloned into pCR-BLUNT plasmid using the Zero Blunt® 335 TOPO® PCR Cloning Kit (James et al., 2000) . The ZmIAA genes were inserted into pGP4GY 336 plasmids (Havens et al., 2012) Auxin degradation module assays were carried out as previously described (Pierre-Jerome et al., 345 2017) . In brief, yeast colonies from YPAD plates were used to inoculate SC media. Cell density 346 (in events/μL) was estimated by flow cytometry and cultures were diluted such that cells were in 347 log-phase growth 16 hr later and for the duration of the assay. All growth was at 30°C in an 348 incubated shaking at 375 rpm. Fluorescence measurements were taken on the flow cytometer 349
prior to the addition of auxin to establish baseline. Auxin Auxin repression/activation module assays were carried out as previously described (Pierre-359 Jerome et al., 2017) . Briefly, yeast cells were grown overnight in 2 mL SC media at 30°C in an 360 incubated shaker. In the morning, the cells were diluted 1:200 into fresh SC and returned to the 361 incubator. After two hours, auxin (indicated concentrations) or mock treatment (95% [v/v] 362 ethanol) were added and strains continued to incubate at 30°C for 5 hrs. Fluorescence 363 measurements were taken on flow cytometer. 364 365
Flow Cytometry 366
Fluorescence measurements were taken with a BD Accuri C6 flow cytometer and CSampler 367 plate adapter using an excitation wavelength of 488 and an emission detection filter at 533 nm. A 368 total of 10,000 -20,000 events above a 400,000 FSC-H threshold (to exclude debris) were 369 collected for each sample and data exported as FCS 3.0 files for processing using the flowCore R 370 software package and custom R scripts (Havens et al., 2012; Pierre-Jerome et al., 2017) . Data 371 from at least two independent replicates were combined and plotted in R. 372 373
Western Blotting 374
Yeast were grown overnight in 5mL liquid YPD at 30°C with shaking at 225 rpm. The next 375 morning cultures were diluted to an OD of 0.2 into fresh YPD media and grown until an OD of 376 1.0. Cells were then pelleted and resuspended in 1% SDS, 8M Urea, 10mM MOPS, pH 6.8, 377
10mM EDTA, 0.01% bromophenol blue (SUMEB) buffer with 1mM phenylmethylsulfonyl 378 fluoride (PMSF). Cell pellets were lysed by glass bead disruption in lysis buffer containing 379 protease inhibitors. Aliquots of 7µL of yeast proteins in buffer were loaded onto 10% SDS-380 PAGE gel (Bio-Rad). Anti-FLAG (Cell Signaling Technology) was used to probe for 381 TIR1/AFBs-3XFLAG6XHIS, and anti-PGK1 (Invitrogen) was used as a loading control. consists of ZmIAAs (purple) tagged with YFP and co-expressed with an Arabidopsis auxin 408 receptor (green). The F-box domain of the receptor facilitates complex formation with the yeast 409 SCF Ubiquitin Ligase machinery (gray). When yeast are exposed to auxin the hormone acts as 410 molecular glue that brings the co-receptor complex together and results in ubiquitination and 411 degradation of the YFP-tagged ZmIAA, resulting in a decrease in fluorescence over time. (D) 412
The 16 ZmIAAs were degraded in response to auxin. Fluorescence measurements on flow 413 cytometer were obtained 2 hours post-auxin exposure. Data from two replicates shown, error 414 bars represent SEM. (E,F) ZmIAAs degrade at different rates that are dependent upon both 415
repressor (E) and receptor identities (F). Yeast strains expressing YFP-tagged ZmIAAs and 416
either Arabidopsis TIR1 or AFB2 auxin receptor were exposed to 1 μM auxin or mock treatment 417 (95% ethanol) at 0 min and fluorescence measurements taken on flow cytometer. Data from two 418 replicates shown. 419 420 repression is relieved upon addition of auxin. The REL2N91 fragment was directly compared to 428 the analogous Arabidopsis TPLN100. The AtARF19_H170A mutant is unable to bind DNA and 429 so auxin response stays off. Strains labeled "none" contain a ZmIAA8 that has not been fused to 430 a co-repressor. (C) ZmIAAs fused to REL2N91 exhibited different patterns of auxin responsive 431 gene activation, independent of their basal repression strength and degradation rate. Two 432
ZmIAAs were unable to repress the auxin response (Fig. S1C ). All fluorescent measurements 433
were 
